CLAIMS 

V 1 >^ 

^ ^> 1 • 4 11 electr °de metal material fo(r ^sdng ipr an 
^i'ectrode structure in contact with non-aqueous electrolyte, 
electrode metal material is a carbon- conta ining 



wherein the 

metal material comprising a valve metal material and 



erou s 



carbon particles fixed in a surface of the valve metal 
material and exposed to the surface thereof. 

2. Thfe electrode metal material according to claim 1, 
i wherein saidl carbon particles are proje^te^l from the surface 

of said valve metal material to expose^^said surface. 

3. The* electrode metal material according to claim 1, 
wherein the metallic surface of said carbon-containing metal 




material is ccbated with a passive film. 

4. The lelectrode metal material according to claim 1, 
wherein said elLectrode metal material is coated with an 
activated carbbn layer' to form a double-layer electrode for 
an electric double-layer capacitor. 

5. The electrode metal material according to claim 1, 
wherein said ellectrode metal material, is a cathode of an 
electrolytic capacitor/ making contact with non-aqueous 
electrolyte, Xl ^ 

The Ellectrode metal material according to Claim 1, 
wherein said electrode metal material is ±hin sheet. 

<n^ 

7. The electrode metal material according Claim 1, 
wherein said carbon particles are formed of conductive carbon 
particles, such as\ graphite or carbon black. 

8. The electrode metal material according to Claim 1, 
wherein said carbon particles are activated carbon particles. 
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Trie electrode metal material according tjoClaim 1, 
herein saidl carbon particles have a mean diamete^ofythe 

range of 0 . A 1 to 50 /j.m. 

10. The electrode metal material according to Claim 1, 
wherein said carbon particles have one .of particulate, 
granular and fibrous forms. 

11. A method of producing an electrode metal material, 
being a carbon-containing metal material comprising a valve 
metal material and numerous carbon particles fixed in at 

^flO least a surface of said valve metal material and exposed to 
said surface, wherein said method comprises the steps of: 

including said carbon particles in a valve metal ingot 
by heating and pressurizing a mixture of valve metal powder 
and carbon powder in a container; and, 
IK15 forming said obtained valve metal ingot into a desired 

£i shape so as to be used as said carbon-containing metal 

%k material. 

£U i 

IU 12. A method of producing an electrode metal material, 

being a carbon-containing metal material comprising a valve 

20 metal material fixed numerous carbon particles in at least a 
surface thereof, wherein said method comprises: dispersing 
carbon particles on the surface of a valve metal material; 
and embedding the carbon particles into the surface of said 
valve metal material by pressurizing said carbon particles 

25 onto the surface of said valve metal material to obtain said 
carbon-containing metal material. 

13. The method of producing an electrode metal material 
according to claim 11, wherein said carbon embedding step 
uses a press method in which said carbon particles are driven 
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by using a die. 

14. The method of producing an electrode metal material 
according to claim 11, wherein said carbon embedding step 
uses a rolling method in which said carbon particles are 

5 driven by using a roller. 

15. The method of producing an electrode metal material 
according to claim 11, wherein said carbon embedding step is 
carried out when said valve metal material is formed by hot 
or cold working. 

SflO 16. The method of producing an electrode metal material 

Sm according to Claim 11, wherein the method comprises a step of 

coarsening the surface of said carbon-containing metal 
Iti material. 

^ 17. The method of producing an electrode metal material 

!H5 according to Claim 11 or 12, wherein the method further 

comprises a further step of exposing said carbon particles to 

;l: the surface of said carbon-containing metal material by 

I** 

U etching said carbon-containing metal material in an acidic 

aqueous solution. 

20 18. The method of producing an electrode metal material 

according to Claim 11 or 12, wherein the method comprises a 
step of exposing said carbon particles to the surface of said 
carbon-containing metal material by blasting said carbon- 
containing metal material. 

25 19. The method of producing an electrode metal material 

according to claim 17, wherein the method comprises a step of 
forming a passive film on the metallic surface of said 
carbon-containing metal material after said step of exposing 
said carbon particles. 
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20. The method of producing an electrode metal material 
according to Claim 11 or 12, wherein said carbon particles 
are formed of conductive carbon particles, such as graphite 
or carbon black. 

21. The method of producing an electrode metal material 
according to Claim 11 or 12, wherein said carbon particles 
are activated carbon particles. 

22 . The method of producing an electrode metal material 
according to Claim 11 or 12, wherein the diameter of said 

carbon particles is in the range of 0.01 to 50 /im. 

23. The method of producing an electrode metal material 
according to Claim 11 or 12, wherein said carbon particles 
have one of particulate, granular and fibrous forms. 

24. A/capa v ci^or comprising a pair of electrodes and 

vherein at least one electrode 



non-aqueous 



rtrolyte, 



containing metal materia] 
and numerous carbon partd 



includes an electrode metal material which is a carbon- 



valve metal material and/kxposed to said surface 

itor cfc 



25. The capac 
capacitor is an electri 
pair of electrodes is f 



comprising a valve metal material 
cles fixed in the surface of said 



rding to claim 24, wherein said 
fcloiAble-layer capacitor, and said 
of electric double-layer 



electrodes each comprisirj$ said carbon-containing metal 
material and an activated \carbon layer formed in contact with 
said carbon particles on the surface of said metal material. 



26, 



The capacitor ac< 



ording to claim 25, wherein said 



valve metal material is a flexible sheet, said pair of 



electric double-layer elect 
with a separator therebetwe 



codes is disposed face-to-face 
?n and wound, and enclosed in a 
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container to obtain a winding type electric double-layer 
capacitor . 

ccording to claim 25, wherein said 
activated carbon layers cbf said pair of electric double-layer 
electrodes are accommodated in a container with a separator 
therebetween, and said valve metal materials of said 
electrodes are accommodated in the metallic lid and bottom 
portions of a container , | which are coupled so as to be 
insulated from each othej 

28. The capacitor According to claim 27, wherein said 
metallic lid and bottom portions of said container are clad 
with said valve metal materials. 

29. The capacitor/ Recording to claim 24, wherein said 

c capacitor, one of said electrode 
the cathode, and the other 

/aving a dielectric insulating film 



capacitor is an elect^> 
metal materials is usee 



electrode metal materia 
is used as the anode 

30. The capacit*6r according to Claim 24, wherein said 
carbon particles are formid of conductive carbon particles, 
such as graphite or carbon black. 

31. The capacitor adcording to Claim 24, wherein said 
carbon particles are activated carbon particles. 

32. The capacitor according to Claim 24, wherein the 
diameter of said carbon papticles is in the range of 0.01 to 
50 jam. 

33. The capacitor according to Claim 24, wherein said 
carbon particles have one qf particulate, granular and 
fibrous forms. 

34. The capacitor accbrding to Claim 24, wherein a 
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35. 



A method o 



capacitor comprising 



passive film is formed on the metallic surface of said valve 
metal material . 

: producing an electric double-layer 
a pair of electric double-layer 
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5 o electrodes each formled of an activated carbon layer formed on 
the surface of a valjve metal material, a separator for 
separating said paid of electric double-layer electrodes and 
non-aqueous electrolyte, wherein said method comprises the 
steps of: 

forming a carbdn-containing metal material in which 
numerous carbon partlicles are fixed in at least a the surface 
of a valve metal matprial and exposed to said surface; 

applying a pa^ containing activated carbon particles 

arbon-containing metal material; and 
aid paste to obtain said electric 
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to the surface of 
drying and c 
double- layer elect r 

36. The method producing a capacitor according to 
claim 35, wherein, ^fer the step of forming said carbon- 
containing metal material, said method further comprises a 
step of exposing said Icarbon particles on the surface of said 



metal material by elec 
an acidic aqueous solu 



37. A method of producing a button-type electric 



double- layer capacitor 
layer electrodes, each 
formed on the surface d 



rolytic etching said metal material in 
ion . 



in which a pair of electric double- 
having an activated carbon layer 
f an electrode metal material, is 
accommodated in a container with the activated carbon layers 
laminated via a separator therebetween, and the electrode 
metal materials are counled to the metallic lid and bottom 
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portions of the conta 



iner, both portions being insulated from 



each other, wherein said method comprises the steps of; 



forming a carbon- 
electrode metal mater: 
are included at least 



material and exposed 1:o said surface; and 



applying the act:, 
the valve metal mater. L 
electrodes . 

38. The method b 
capacitor according tp 
previously carrying o 



so as to accomplish ii 

39 . A method o| 
which an anode forme 
dielectric insulating 
cathode formed of a 



containing metal material, as the 

al, in which numerous carbon particles 

in the surface of a valve metal 



vated carbon layers to the surfaces of 
als to obtain the electric double-layer 

f producing an electric double-layer 

claim 37, including a step of 
t cladding of the metallic bottom 



portion of said conta; ner with said valve metal materials at 



proc 



ation . 

ucing an electrolytic capacitor in 
of /a valve metal material having a 
lm on the surface thereof and a 
ve metal material are disposed face- 



to-face in non-aqueous electrolyte, wherein said method 
comprises a steps of forming a carbon-containing metal 
material in which numerpus carbon particles are fixed in at 
least a surface of the valve metal material and exposed to 
said surface so that the carbon-containing metal material is 
used as the electrode metal material for the cathode. 

40. The method of producing a capacitor according to 
claim 35, 37 or 39, wherein the step of forming the carbon- 
containing metal material! includes a carbon embedding step of 
driving the carbon particlles into the surface of the valve 
metal material by pressurizing the carbon particles dispersed 
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on the surface of said valve metal material to obtain the 
carbon-containing metal material. 

41. The method of producing a capacitor according to 

id carbon embedding step uses a press 
carbon particles are driven by using a 



claim 40, wherein sa 
method in which said 
die . 

42. The metho 
claim 40, wherein s 
method in which the 
rollers . 

43. The metho 
claim 41, wherein s 
in a hot or cold wc 
material . 

4 4 . The meth 
according to claim 
surface of said carbj 



of producing a capacitor according to 
id carbon embedding step uses a rolling 
carbon particles are driven by using 

of producing a capacitor according to 
id carbon embedding step is carried out 
step to form the valve metal 



of/ 



producing an electrode metal material 
including a step of coarsening the 
containing metal material. 

45. The method lof producing an electrode metal material 
according to claim 40l wherein the method further includes a 
step of exposing saidlcarbon particles to the surface of the 
carbon-containing metal material by electrolytically etching 
the surface of the carjpon-containing metal material in an 
acidic aqueous solution. 

46. The method of\ producing an electrode metal material 
according to Claim 40, wherein the method further includes a 
step of exposing said carbon particles to the surface of the 
carbon-containing metal material by blasting the carbon- 
containing metal materials 

47. The method of producing an electrode metal material 
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according to claim 45, 



therein the method further includes a 



step of forming a passive film on the metallic surface of the 



carbon-containing metal 
exposing step . 

48. The method of 
according to Claim 41, 



49. The method of 
claim 42 , wherein said 



50. The method 
according to Claim 4^ , 
step 
carbon- 
containing metal mate 

51 . The method o 



of exposing saickca 
>n-containing metal : 



material after said carbon particle 



producing an electrode metal material 
wherein said carbon particles are 
formed of conductive cajrbon particles, such as graphite or 
carbon black, 

producing a capacitor according to. 
carbon embedding step is carried out 
in a hot or cold workinjg step to form the valve metal 
material 

producing an electrode metal material 
xerein the method further includes a 
irbon particles to the surface of the 
iterial by blasting the carbon- 



producing an electrode metal material 
according to Claim 4*5, Wherein the method further includes a 
step of exposing said carbon particles to the surface of the 
carbon-containing metal jmaterial by blasting the carbon- 
containing metal material . 

52. The method of producing an electrode metal material 
according to Claim 42, wherein said carbon particles are 
formed of conductive carqon particles, such as graphite or 
carbon black. 

53. The method of producing an electrode metal material 
according to Claim 43, wherein said carbon particles are 
formed of conductive carbcn particles, such as graphite or 



carbp^ black, 

54. A non-kqueous secondary battery comprising a 
positive electrode and a negative electrode and non-aqueous 
electrolyte to make contact to both the electrodes therein, 
wherein the positive electrode is formed on an electrode 
metal material which is a carbon-containing metal material 
comprising a valvel metal material and numerous carbon 
particles fixed in \and exposed to a surface of the valVe 
metal material 

55. The non-^4[uet>Jis secondary battery according to 
Claim 54, wherein/toe MLectrode metal material is a clad 



material comprisi 
a base metal, plat 



ng \he carbon-containing met.al material and 
e . 

56. The nonVaqufeprfs secondary battery according to 
Claim 54, wherein a passive film thicker than a film to be 
naturally oxidized is formed on the metallic surface of the 
valve metal material, 

57 . The non-aqueoks secondary battery according to 
Claim 56, wherein the passive film has higher withstand 
voltage than 3V. 

58. The non-aqueous \secondary battery according to 
Claim 54, wherein the baseVmetal is nickel or stainless steel. 

59. A method for producing a non-aqueous secondary 
battery comprising: a positive electrode; a negative 
electrode; and non-aqueous electrolyte to make contact with 
both the electrodes therein, wherein the method comprises: 
forming a carbon containing electrode metal material by 
embedding carbon particles into the surface of a sheet of 
valve metal material, the carbon particles exposing on the 
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surface of the sheet;- and applying a paste containing 
positive active substance on the carbon containing electrode 
metal material for producing the positive electrode. 

60. The method according to Claim 59, wherein the 
method further includes cladding the carbon containing 
electrode metal material on a base metal plate in order to 
embed the carbon particles on the surface of the sheet. 

61. The method according to Claim 59, wherein the 
method further includes previously cladding a sheet of the 
valve metal material on a base metal plate to produce a clad 
which is embedded with the carbon particles. 

62. The method according to Claim 60, wherein the 
method further includes form a passive film on the surface of 
the carbon contaj : njjig-~e4-e« j b^^ 

63. The method according to Claim 63, wheVein the 

passive f±±m— -is f armed bv anodizina J -t.txe--G-a^±ygn containing 

electrode metal material. 

64. The method of an electrode metal material according 
to Claim 13, wherein in the step of dispersing carbon 
particles, a slurry containing the carbon particles is 
applied to the surface. 

65. The method according to Claim 64, wherein the 
slurry containing the carbon particles and solvent, without 
containing a binder. 

66. The method according to Claim 64, wherein the 
method includes drying the slurry after applying on the valve 
metal material . 

67. The method according to Claim 64, wherein the valve 
metal material is roughened on the surface. 
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68. The method according to Claim 67, wherein the 
roughening of the valve metal material is performed by 
electrolytically etching . 

69. The method according to Claim 67, wherein the 
5 roughening of the valve metal material is performed by 

chemically etching . 

70. The method according to Claim 67, wherein the 
roughening of the valve metal material is performed by 
blasting technique . 

fiiJLO 71. The method according to claim 64, wherein said 

Q\ carbon embedding step uses a press method in which said 

L |j carbon particles are driven by using a die. 

72. The method of producing an electrode metal material 
according to claim 64, wherein said carbon embedding step 

1*15 uses a rolling method in which said carbon particles are 
driven by using a roller. 

73. The method of producing an electrode metal material 
>J according to claim 72, wherein the roller is an roller 

embossed on its surface. 
20 74. The method of producing an electrode metal material 

according to Claim 64, wherein the method comprises a step of 
coarsening the surface of said carbon-containing metal 
material . 

75. The method of producing an electrode metal material 
25 according to Claim 64, wherein the method further comprises a 
further step of exposing said carbon particles to the surface 
of said carbon-containing metal material by etching said 
carbon-containing metal material in an acidic aqueous 
solution. 



76. The method of producing an electrode metal material 
according to Claim 64, wherein the method comprises a step of 
exposing said carbon particles to the surface of said carbon- 
containing metal material by blasting said carbon-containing 
metal material. 

77. The method of producing an electrode metal material 
according to claim 75, wherein the method comprises a step of 
forming a passive film on the metallic surface of said 
carbon-containing metal material after said step of exposing 
said carbon particles. 

78. The method of producing an electrode metal material 
according to Claim 77, the step of forming a passive film 
includes heat treating of the carbon-containing electrode 
material in air. 

79. The method of producing an electrode metal material 
according to Claim 78, the heat treating is performed at 300 
- 620°C. p 

80. The method of producing an electric double-layer 
capacitor according tol Claim 35, wherein in the step of 
forming the carbon-containing metal material, a slurry 
containing the carbon inartircles is applied to the surface of 
the valve metal materiky; dried and drive into the surface of 
the valve metal material by pressing. 

81. The method acaojrding to Claim 80, wherein the 
slurry containing the carbon particles and solvent, without 
containing a binder. ^ \ 

82. The method according to Claim 80, wherein the 
method includes drying the slurry after applying on the valve 
metal material. \ 
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83, 



The method 



metal material is rouchened on the surface 



8 4 . The method a 
roughening of the valv 
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ccording to Claim 80, wherein the valve 



ccording to Claim 83, wherein the 
e metal material is performed by 
electrolytically etchijng. 

85. The method ajccording to Claim 83, wherein the 

e metal material is performed by 



roughening of the val\ 
chemically etching . 

86. The method 
roughening of the val 
blasting . 

87 . The method 
carbon embedding ste 
carbon particles are 

88. The method 



ccording to Claim 83, wherein the 
metal material is performed by 



kcording to claim 80, wherein said 
ijses a press method in which said 
Lv£n by using a die. 
Producing an electric double-layer 
capacitor according to\fc4:laim 80, wherein said carbon 
embedding step uses ^/ rilling method in which said carbon 
particles are driven by (using a roller. 

89. The method of producing an electric double-layer 
capacitor according to ctLaim 88, wherein the roller is an 
roller embossed on its surface. 

90. The method of nroducing an electric double-layer 
capacitor according to Claim 80, wherein the method comprises 
a step of coarsening the 4 ur f ace °f said carbon-containing 
metal material. 

91. The method of prdducing an electric double-layer 
capacitor according to Claim 80, wherein the method further 
comprises a further step of exposing said carbon particles to 
the surface of said carbon-containing metal material by 
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etching said carbon-conjt 
aqueous solution. 

92. The method of 
capacitor according to 
a step of exposing said 



carbon-containing metal 
93. The method of 
claim 80, wherein, afte 
containing metal materi 
step of exposing said ca 



aining metal material in an acidic 

producing an electric double-layer 
laim 80, wherein the method comprises 
carbon particles to the surface of 



said carbon-containing n.etal material by blasting said 



material . 

producing a capacitor according to 

the step of forming said carbon- 
1, said method further comprises a 
rbon particles on the surface of said 



metal material by electrslytic etching said metal material in 



an acidic aqueous solu£i 

94. A method of |p 
double- layer capacito 
step of forming the ca 1 
slurry containing the 
surface of the valve met 




)djicing a button-type electric 

>rding to Claim 80, wherein in the 
5n-containing metal material, a 
:bon particles is applied to the 
il material, dried and embedded into 
the surface of the valve Imetal material by pressing. 

95. The method of producing an electric double-layer 
capacitor according to cllaim 94, wherein the method further 
including a step of previously cladding of the metallic 
bottom portion of said container with said valve metal 
materials at so as to accomplish integration. 

96. The method according to Claim 94, wherein the 
slurry containing the carqon particles and solvent, without 
containing a binder. 

97. The method according to Claim 94, wherein the 
method includes drying the slurry after applying on the valve 
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metal material 

98. The I method according to Claim 94, wherein the valve 
metal material is roughened on the surface. 

99. The (method according to Claim 98, wherein the 
roughening of Ithe valve metal material is performed by 
electrolyticalLy etching. 

100. The method according to Claim 98, wherein the 
roughening of ohe valve metal material is performed by 
chemically etchang . 

101. The method according to Claim 98, wherein the 
roughening of t^qe valve metal material is performed by 
blasting sand tdlcmiique 

102. The iwthpd according to claim 94, wherein said 
carbon embeddinfcjU/step uses a press method in which said 
carbon particle's (are driven by using a die. 

103. The method of producing a button-type electric 
double-layer capacitor according to claim 94, wherein said 
carbon embedding step uses a rolling method in which said 
carbon particles ape driven by using a roller. 

104. The method according to claim 72, wherein the 
roller is an roller embossed on its surface. 

105. The methocfl of producing a button-type electric 
double-layer capacioor according to Claim 94, wherein the 
method comprises a sjtep of coarsening the surface of said 
carbon-containing metal material. 

106. The method! of producing a button-type electric 
double-layer capacitor according to Claim 94, wherein the 
method further comprises a further step of exposing said 
carbon particles to tlhe surface of said carbon-containing 
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metal material by estching said carbon-containing metal 
material in an acidic aqueous solution. 

107. The methc d of producing a button-type electric 
double-layer capacitor according to Claim 94, wherein the 
method comprises a step of exposing said carbon particles to 
the surface of saidl carbon-containing metal material by 
blasting said carbon-containing metal material. 

108. A method otf producing an electrolytic capacitor 
according to claim 39, wherein in the step of forming a 
carbon-containing metal material, a slurry containing the 
carbon particles is applied to the surface of the valve metal 
material, dried and orive into the surface of the valve metal 
material by pressing.^ J 

109. The methoa>/4 c ^ ord:i - n 9 to Claim 108, wherein the 
method includes dryifaM/the slurry after applying on the valve 
metal material . 71 

110. The method/aqcording to Claim 108, wherein the 
valve metal material i si roughened on the surface. 

111. The method according to Claim 110, wherein the 
roughening of the valve Vmetal material is performed by 
electrolytically etchingl 

112. The method according to Claim 110, wherein the 
roughening of the valve metal material is performed by 
chemically etching. \ 

113. The method according to Claim 110, wherein the 
roughening of the valve metal material is performed by 
blasting sand technique . \ 

114. The method according to claim 108, wherein said 
carbon embedding step uses a press method in which said 
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carbon particle 



115. The me 
according to cIcl 
uses a rolling it 
driven by using 

116. The me 



e driven by using a die, 



ithod of producing an electrolytic capacitor 
Lim 108, wherein said carbon embedding step 
ethod in which said carbon particles are 
a roller. 

zhod of producing an electrolytic capacitor 
according to claim 112, wherein the roller is an roller 
embossed on its surface. 

117. The method of producing an electrolytic capacitor 
according to Claim\ 108, wherein the method comprises a step 
of coarsening the qurface of said carbon-containing metal 
material 

118. The methodj of producing an electrolytic capacitor 
according to Cla t8, wherein the method further comprises 

e^cRdslVig said carbon particles to the 

Containing metal material by etching 
said carbon-contalfrinq /metal material in an acidic aqueous 
solution, 

119. The method' of producing an electrolytic capacitor 
according to Clajj" 108, \ wherein the method comprises a step 
of exposing said carbonl particles to the surface of said 
carbon-containing metal Waterial by blasting said carbon- 
containing metal material. 

120. The method of producing an electrolytic capacitor 
according to claim 118, wherein the method comprises a step 
of forming a passive film pn the metallic surface of said 
carbon-containing metal material after said step of exposing 

Lid carbon particles 



a further step oi 
surface of said 



